Background/Objectives: Non-alcoholic fatty liver disease (NAFLD) is a common condition, in which abnormal amounts of triglycerides accumulate in hepatocytes and is closely related to cardiovascular diseases and diabetes. Dietary fats contribute 15% of fat accumulation in the liver and regulate hepatic lipid metabolism. The supplementation of n-3 polyunsaturated fatty acids (n-3 PUFAs) improves NAFLD. The aim of this study is to assess the cross-sectional association between dietary n-3 PUFAs and NAFLD in Japanese men and women. Subjects/Methods: Participants were middle-aged, apparently healthy, 296 men and 496 women, who did not drink alcohol and who participated in a general health check-up program. Dietary information from the previous month was obtained by the brief-type self-administered diet history questionnaire. NAFLD was diagnosed if abdominal ultrasonography revealed the presence of fatty liver. Results: The prevalence of NAFLD was 45.3% in men and 17.5% in women. In comparison with the first tertile, multivariate adjusted odds ratios (95% confidence intervals) for the presence of NAFLD in the second and third tertiles for men taking eicosapentaenoic acid (EPA) were 0.59 (0.31-1.14) and 0.45 (0.23-0.90), respectively, (P for linear trend ¼ 0.024), and the multivariate adjusted odds ratios (95% confidence intervals) for the presence of NAFLD in the second and third tertiles for men taking EPA þ docosahexaenoic acid (DHA) were 0.44 (0.23-0.86) and 0.48 (0.24-0.95), respectively, (P for linear trend ¼ 0.035). However, there was no significant relation between NAFLD and each of these nutrients in women. Conclusions: Dietary EPA and EPA þ DHA may be independent and preventive nutrients for NAFLD in Japanese men.
Introduction
Non-alcoholic fatty liver disease (NAFLD), a condition in which abnormal amounts of triglycerides and their intermediate metabolites (for example, long chain fatty acyl-CoAs, deacylglycerol) accumulate in hepatocytes, is the most common condition seen in a primary health care setting in Japan (Kojima et al., 2003) . Accumulated research data indicate that NAFLD is closely related to obesity (Chitturi et al., 1990) , type 2 diabetes mellitus (Jimba et al., 2005; Goessling et al., 2008) , cardiovascular diseases (Donnelly et al., 2005; Targher, 2007; Goessling et al., 2008) and insulin resistance even in non-obese, non-diabetic partcipants (Kim et al., 2004) . Asian patients with NAFLD had markedly lower body mass index than Caucasian patients with NAFLD (Weston et al., 2005) .
Hyperinsulinemia stimulates sterol regulatory elementbinding protein (SREBP)-1, a transcription factor stimulated by insulin that regulates both the rate of de novo fatty acid synthesis and the storage of triglycerides in the liver (Browning and Horton, 2004) . The pathophysiological mechanism of NAFLD is not fully understood. However, 60% of hepatic triglycerides arise from free fatty acids, which originate in adipose tissue, 25% comes from de novo hepatic lipogenesis and 15% comes from dietary fats (Donnelly et al., 2005) . Dietary fats regulate hepatic lipid metabolism by modifying gene transcription (Sessler and Ntambi, 1998) . Thus, a distinct role for dietary lipids may exist in people with NAFLD. One Israeli population-based study (Zelber-Sagi et al., 2007) reported a negative correlation between dietary n-3 polyunsaturated fatty acids (n-3 PUFAs) and NAFLD in a subgroup analysis. N-3 PUFAs might inhibit accumulation of triglycerides by modifying hepatic lipid metabolism (Yoshikawa et al., 2002) and could reduce inflammatory and oxidative status , Perez-Matute et al., 2007 .
a-Linolenic acid is a major n-3 PUFA. It is not synthesized in vivo but synthesized from foods, and is converted to docosahexaenoic acid (DHA) through eicosapentaenoic acid (EPA). Typical Japanese diet contains a lot of n-3 PUFAs: edible vegetable oils such as rapeseed oil and soybean oil supply a-linolenic acid, whereas fish oils supply DHA and EPA (Sugano and Hirahara, 2000) . However, the relation between n-3 PUFAs and NAFLD has not yet been examined in Japanese participants. A Japanese population may be suitable for investigating the association between NAFLD and dietary PUFAs, especially marine-origin long-chain PUFA such as EPA and DHA following two reasons. The prevalence of NAFLD is dramatically increased for a past decade in Japan (Kojima et al., 2003) , though the mean body mass index is still much lower than Caucasians. As Japanese generally eat more fish than Westerners do (Sugano and Hirahara, 2000) , whereas some Japanese eat very little fish, it gives us a wide distribution of intakes of fish and marine-origin long-chain PUFAs.
Thus, the aim of this study was to examine the crosssectional impact of dietary n-3 PUFAs, especially a-linolenic acid, EPA and DHA, on the presence of NAFLD in Japanese men and women.
Research design and methods

Study subjects
From February 2006 to January 2007, Saitama-ken Saiseikai Kurihashi Hospital conducted a health check-up program in which 4138 participants participated and followed in the Kurihashi Lifestyle Cohort Study; 80.9% of them completed dietary questionnaires. Of the health check-up program participants, 3285 participants underwent abdominal ultrasonography scans. Participants were excluded if they had diabetes, cardiovascular diseases, chronic viral hepatitis (hepatitis B surface antigen, anti-hepatitis C virus antibody), or if they were under pharmacological treatment for hypertension or dyslipidemia. This reduced the study sample to 2624 participants. However, 1832 of these participants were later excluded from the study when the brief-type, self-administered diet history questionnaire (BDHQ) indicated that their estimated alcohol consumption was greater than 0 g per day. The remaining 792 participants used for the analysis consisted of 571 participants having a normal liver and 221 participants having NAFLD.
Dietary assessment
The participants' typical dietary habits, mainly the nutrient intake from the previous month, were assessed with the validated BDHQ (Sasaki, 2004) . The BDHQ based on the self-administered diet history questionnaire (Sasaki et al., 1998) . The BDHQ is a four-page structured questionnaire that consists of questions regarding general dietary behaviors, major cooking methods, the quantity and the frequency of the consumption of five alcoholic beverages (sake, beer, syocyu, whiskey and wine), the quantity and frequency of consuming 58 selected food and non-alcoholic beverage items, use of dietary supplements, the amount of rice and miso (fermented soybean paste) soup consumed daily and eating speed. The food and beverage items and portion size used in the BDHQ were derived primarily from data in the National Nutrition Survey of Japan and several recipe books for Japanese dishes (Sasaki et al., 1998) . For fish, the following six questions were used: 'squid, octopus, shrimp and clam', 'small fish with bones', 'dried fish and salted fish', 'canned tuna', 'oily fish' and 'lean fish'. Sum of EPA and DHA concentrations (g) per portion for each fish group was as follows: 0.13, 0.69, 0.21, 0.96, 1.93 and 0.47 for women, and 0.15, 0.79, 0.23, 1.09, 2.20 and 0.54 for men (Supplementary Table 1 ). We examined validity of the BDHQ against 16-day weighed dietary records as the gold standard using 92 Japanese men and 92 Japanese women aged 31-76 years. Pearson's correlation coefficients in 92 Japanese men and 92 Japanese women aged 31-76 years were, respectively, 0.42 and 0.45 for n-3 PUFAs (both Po0.001), 0.30 and 0.32 (both Po0.01) for a-linolenic acid, 0.27 (Po0.01) and 0.37 (Po0.001) for EPA, and 0.26 (Po0.05) and 0.27 (Po0.01) for DHA (Sasaki, 2004) . Before this study, the BDHQ was further validated with EPA, DHA and EPA þ DHA in serum phospholipid concentrations using 91 Japanese men and 91 Japanese women aged 30-69 years. Pearson's correlation coefficients between EPA, DHA and EPA þ DHA intake and the serum phospholipid concentrations were 0.38 (Po0.001) and 0.33 (Po0.001) for EPA, 0.36 (Po0.001) and 0.27 (Po0.01) for DHA, and 0.37 (Po0.001) and 0.31 (Po0.01) for EPA þ DHA (Sasaki, 2004; Supplementary Table 2) .
Diagnosis of NAFLD
NAFLD was diagnosed when a participant's estimated consumption of alcohol was 0 g per day according to the BDHQ (Sasaki et al., 1998) and if the participant met the ultrasonographic criteria (Gore, 1994) for a fatty liver.
Other variables
The general health check-up examination procedure in Saitama-ken Saiseikai Kurihashi Hospital included biochemical laboratory tests and a self-administered questionnaire regarding a participant's smoking status, physical activities during leisure time and work, past medical history and family medical history and, in women, menopause status. Physical activities during leisure time and work were classed as either sedentary or active. Blood samples were collected in the morning after a 10-h fast. The levels of aspartate aminotransferase (obtained by the leucocoloringmatter method), alanine aminotransferase (obtained by the ultraviolet method) and g-glutamyl transpeptidase activity (obtained by the L-g-glutamyl-p-nitroanilide method) were measured in the hospital laboratory. All participants were measured for height, weight and waist circumference. Body height was measured to the nearest 0.1 cm with the participant standing without shoes. Body weight in light indoor clothes was measured to the nearest 0.1 kg. Waist circumference was measured to the nearest 0.1 cm at the navel level at the end of the expiration of a normal breath and with the participant in a standing position. Body mass index was calculated as the body weight (in kg) divided by the body height squared (m). Ultrasonographic examinations were carried out by senior technicians using the Ultrasound Equipment Model SSA-250A (Toshiba Corporation, Tokyo, Japan). The technicians were blinded to the laboratory data.
Statistical analysis
Statistical analyses were carried out and reported separately for men and women. The chi-square test was used to compare proportions and Student's t-test was used to compare the means between the two groups. The crude and multivariate adjusted odds ratios and their 95% confidence intervals associated with the presence of NAFLD were calculated for each tertile category of selected nutrients (n-3 PUFAs, a-linolenic acid, EPA and DHA) by using logistic regression models. In the multivariate model, age (continuous), waist circumference (continuous), physical activity during leisure time (categorical), whether or not the participant ate quickly (categorical), whether or not the participant smoked (categorical), and (in women only) menopause status (categorical) were included as confounding factors. The association trend was assessed by a logistic regression model that assigned consecutive integers to the levels of selected nutrients.
SPSS for Windows (version 14.0, Chicago, IL, USA) was used for all statistical analyses. All reported P values are twotailed and Po0.05 was considered statistically significant. The study was approved by the Institutional Review Board of Saitama-ken Saiseikai Kurihashi Hospital and informed consent to participate was obtained from the study participants.
Results
Demographic, lifestyle and nutritional characteristics in NAFLD The overall prevalence of NAFLD was 45.3% (134 out of 296) in men and 17.5% (87 out of 496) in women. Participants with NAFLD were more obese and had higher levels of liver enzymes than those with a normal liver in both sexes. A high proportion of women participants with NAFLD ate quickly and had reached menopause compared with women with a normal liver ( Table 1) . As for nutritional components, there was a statistical difference in the dietary intake of n-3 PUFAs and EPA in men diagnosed with NAFLD versus men who had a normal liver (Table 1) . However, no statistical difference was found between each of these nutrients and NAFLD in women.
n-3 PUFAs and NAFLD
The univariate logistic regression model showed that, in men, n-3 PUFAs, EPA, DHA and EPA þ DHA had a statistically significant linear negative correlation with NAFLD (all P for trends o0.05) ( Table 2 ). This statistical significance for EPA and EPA þ DHA remained even after adjusting for potential confounding factors (both P for trends o0.05) ( Table 2 ). The odds ratios associated with the presence of NAFLD decreased as dietary levels of EPA and EPA þ DHA increased. The odds ratio decreased significantly in the third tertile group in comparison with the first tertile for EPA and EPA þ DHA by 55 and 52%, respectively (Table 2) . By contrast, no significant relation was found between each of these nutrients and NAFLD in women.
Conclusions
This study has shown that dietary n-3 PUFAs and a-linolenic acid, which constitutes high proportion of dietary n-3 PUFAs were not independent risk factors for NAFLD. However, dietary EPA and EPA þ DHA were identified as linear, independent and preventive nutrients for NAFLD in Japanese men who generally consume more fish than Westerners do (Sugano and Hirahara, 2000) .
Previous studies have reported that a higher intake of soft drinks, meat, protein and saturated fatty acid and a lower intake of fiber, vitamin C and E were related to an increased risk for NAFLD (Zelber-Sagi et al., 2007 , Musso et al., 2003 . Increased intake of carbohydrate was also associated with hepatic de novo lipogenesis and hepatic inflammation (Schwarz et al., 1995 , Solga et al., 2004 . In this study, all these possible foods or nutrients raised above were analyzed, but not identified as risk factors for NAFLD. Allard et al. (2008) reported that not self-reported dietary intake but levels of n-3 PUFAs in hepatocytes was correlated with the degree of liver steatosis in a cross-sectional study. Zelber-Sagi et al. (2007) reported a negative relation between dietary n-3 PUFAs and NAFLD in Israeli participants; n-3 PUFAs and NAFLD J Oya et al however, this relation was of borderline significance. In this study, the amount of dietary intake of n-3 PUFAs showed an inverse relation with the presence of NAFLD in men. However, this was no longer statistically significant after adjusting for confounding factors. The EPA and EPA þ DHA, which are contained in high amounts in fish, had independent, inverse and linear relations to NAFLD in Japanese men. By contrast, no significant relation was found between n-3 PUFAs and NAFLD in Japanese women. The reason for this is not known. However, the proportion of NAFLD in women is less than half of that in men as reported by Weston et al. (2005) , and thus these findings in women might be weakened by the sample size. An alternative explanation is that there might be unidentified preventive factors for NAFLD in women, that is, sex hormones. A higher rate of NAFLD was reported in women after menopause than before menopause (Clark et al., 2002) . High risk of developing NAFLD was also reported in women treated with potent aromatase inhibitor for breast cancer (Nishino et al., 2003) . In this study, however, the results for women in the multivariate model did not change before and after adjustment for menopause. In this study, DHA was identified as an important preventive nutrient for NAFLD, although not statistically significant in the multivariate model. However, EPA changes to DHA in vivo, and thus the independent impact of DHA on NAFLD is inconclusive.
Randomized controlled clinical trials have shown the beneficial effect of n-3 PUFAs supplementation on NAFLD (Capanni et al., 2006; Spadaro et al., 2008; Tanaka et al., 2008) . Capanni et al. reported that EPA þ DHA supplementation (at a dose of 1.0 g per day) for 12 months decreased the levels of liver enzymes and reversed liver steatosis to normal or reduced the degree of steatosis in 64% of patients with NAFLD. Similarly, Spadaro et al. showed that the daily supplementation of n-3 PUFAs (taken in a 2.0 g capsule) improved serum aspartate aminotransferase, alanine aminotransferase, tumor necrosis factor-a levels; decreased insulin resistance in patients with NAFLD and completely reversed steatosis in 33.4% of patients with NAFLD. However, Vega et al. (2008) found that 8 weeks supplementation of a high dose of n-3 PUFAs (at a dose of 9 g per day) failed to reduce hepatic triglyceride content in spite of a marked reduction in plasma triglyceride levels. This might be because of the small sample size or the low intake of PUFAs in the study participants. Whereas Tanaka et al. showed that supplementation of a highly purified EPA at a dose of 2.7 g per day for 12 months decreased the serum levels of free fatty acids, alanine aminotransferase and inflammatory cytokines, and improved hepatic steatosis and fibrosis in non-alcoholic steatohepatitis Japanese patients. This result seems to be in accordance with these findings from cross-sectional observational data, although confirmed evidence has not yet been accumulated. 0.25 ± 0.13 0.22 ± 0.13 0.072 0.25 ± 0.14 0.23 ± 0.12 0.226 Table 2 Odds ratios with the 95% confidence intervals for NAFLD according to the tertile of selected dietary intake in Japanese men
P for trend n-3 Polyunsaturated fatty acids (n-3 PUFAs) (% energy, median) Recently, it is noted that there are three types of fatty liver related to lifestyle: obesity (or hyperinsulinemia) induced, carbohydrate (or sucrose) induced, high-fat-diet induced. The obesity (or hyperinsulinemia) or carbohydrate (or sucrose) induced fatty liver are mediated by increases in SREBP-1c (Yamazaki et al., 2007) . Thus, these types of fatty liver may be effectively prevented by fish oil (Yamazaki et al., 2007) . Because n-3 PUFAs, which are contained in fish oil, are the natural ligands of the peroxisome proliferator-activated receptor-a, which modulate lipid metabolism in hepatocytes. N-3 PUFAs stimulate peroxisome proliferator-activated receptor-a activity, which leads to an increase of triglyceride transportation from hepatocytes. N-3 PUFAs suppress hepatic lipogenesis through the downregulation of SREBP-1 expression and/or impairment of SREBP-1 processing, which inhibit the transcription of lipogenic genes (Yoshikawa et al., 2002 ). An elevated oxidative stress or proinflammatory cytokines may lead to hepatocyte inflammation and fibrosis (Jarrar et al., 2007) . However, n-3 PUFAs reduced inflammatory and oxidative status and increased adiponectin and insulin sensitivity , Perez-Matute et al., 2007 and EPA may increase adiponectin secretion possibly through the improvement of the inflammatory changes in adipose tissue directly . In this study, however, it was unable to measure serum insulin and cytokines or hormones. On the other hand, fish oil did not affect high saturated fat diet (butter)-induced fatty liver but did exacerbate high linoleic acid diet (safflower)-induced fatty liver in an animal study (Yamazaki et al., 2007) . The latter may partly be explained by the fact that n-3 PUFAs did not alter expression of SREBP-1c but increased expression of peroxisome proliferator-activated receptor-g in the liver (Yamazaki et al., 2007) , accelerating fatty liver. So far, several possible pathophysiological relations between n-3 PUFAs, EPA, DHA and NAFLD have been reported. However, the reduced intake of EPA or DHA in the general population has not been previously identified as a causal risk factor for NAFLD. Further, prospective and intervention studies are needed to confirm this association in different populations. Nevertheless, dietary modification to increase intake of EPA or EPA þ DHA might be effective for preventing NAFLD in Japanese men, who generally consume more fish than Westerners (Sugano and Hirahara, 2000) .
There are several limitations to this study. First, the diagnosis of NAFLD was not based on liver biopsy. Although computed tomography is considered a reliable technique to assess steatosis (Saadeh et al., 2002) , its use is limited because of radiation exposure. Magnetic resonance imaging is also an accurate technique for diagnosing fatty liver disease, but it is expensive. By contrast, ultrasonography is commonly carried out to detect a fatty liver, as it is sensitive, cheap, non-invasive and easy to carry out. The sensitivity of ultrasonography ranges from 60 to 94% and specificity from 84 to 95% (Foster et al., 1980; Debongnie et al., 1981; Saverymuttu et al., 1986; Joseph et al., 1991) . However, the diagnosis of fatty liver by ultrasonography was insensitive when the fat content of the liver was o33% (Saadeh et al., 2002) . Thus, the use of ultrasonography to diagnose NAFLD may have induced the misclassification of individuals. Second, the intra-and inter-variability of the diagnosis of fatty liver disease was not examined in advance of this study. However, the single-observer reliability and inter-observer reliability were reported as 0.95 and 0.95 (Hamaguchi et al., 2007) . Third, we assessed participants for their dietary habits with the BDHQ. The BDHQ does not directly observe the dietary intake of participants. The results should therefore be cautiously interpreted. Fourth, we could not directly assess the relation between hormones including insulin and NAFLD because of the lack of data. Fifth, this cross-sectional study design could not avoid static and susceptible reverse causality and other systematic biases. However, at least, it is hard to imagine that the participants with NAFLD increased their n-3 PUFAs intakes because the guideline for management of NAFLD in Japan (The Japan Society of Hepatology, 2006) does not always recommend high amounts of n-3 PUFAs intake in patients with NAFLD. To avoid systematic bias as much as possible, we were very careful for the data collection. The data collections of dietary habits were done independently without any information contamination. Despite of its limitations, this study has notable strengths. It consists of both men and women participants and nutritional information was obtained by the validated BDHQ, although the validity remained to be examined more carefully, in a well-phenotyped Japanese sample.
Men who completed the dietary questionnaire were older than those who did not complete it. However, the metabolic risk factors were not statistically different between men and women who completed the dietary questionnaire and men and women who did not complete the dietary questionnaire in this study.
In conclusion, this cross-sectional observational study has shown that dietary EPA and EPA þ DHA may be independent and preventive nutrients for NAFLD in Japanese men. These results should be further confirmed in prospective and intervention studies.
